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Abstract

Background The Western Ontario Shoulder Instability
Index (WOSI) is a disease-specific shoulder questionnaire
to measure quality of life in patients with shoulder insta-
bility. The aim of the present study was to translate the
WOSI into Dutch and assess its principal measurement
properties.

Methods The WOSI was translated into Dutch according
to guidelines in the literature. Fifty-two shoulder instability
patients completed the questionnaire twice within 2 weeks.
We assessed internal consistency (Cronbach’s alpha), test—
retest reliability [Intraclass Correlation Coefficient (ICC)],
standard error of measurement (SEM), smallest detectable
change (SDC) and reliable change index. The Bland—Alt-
man analysis was applied to assess test-retest agreement
and floor and ceiling effects were calculated.

Results  Cronbach’s alpha was 0.95 for the total WOSI
score (range 0.88—0.95 for the 4 domains). ICC for the total
WOSI score was 0.91 (range 0.79-0.90 for domains), SEM

S. H. Wiertsema (X)) - M. B. Rietberg -

K. M. Hekman - M. Schothorst

Department of Rehabilitation Medicine, VU University Medical
Center, PO Box 7057, 1007 MB Amsterdam, The Netherlands
e-mail: s.wiertsema@vumc.nl

P. B. de Witte
Department of Orthopaedics, Leiden University Medical Center,
Leiden, The Netherlands

M. P. Steultjens
Institute for Applied Health Research and School of Health and
Life Sciences, Glasgow Caledonian University, Glasgow, UK

J. Dekker

Department of Rehabilitation Medicine and EMGO Institute, VU
University Medical Center, Amsterdam, The Netherlands

@ Springer

was 130.6 for the total WOSI score resulting in a SDC of
362.0, which is 17.3 % of the maximum obtainable score
of 2100. Bland-Altman analysis showed no systematic
differences or consistent bias between the two assessments.
We observed no relevant floor and ceiling effects.
Conclusion The results of the present study suggest the
Dutch version of the WOSI is a reliable tool for clinical
assessment and scientific evaluation. It shows high values
for Cronbach’s alpha and ICC implying excellent internal
consistency and good test-retest reliability.

Introduction

Shoulder instability is a common shoulder disorder, mainly
affecting young individuals [1]. Shoulder instability can
have a variety of origins, but the majority of patients have
had a traumatic anterior glenohumeral dislocation, which
has a lifetime risk between 1 and 2 % [2, 3]. Recurrent
instability is the most frequent complication after a first
acute traumatic luxation [4]. There are numerous studies on
the diagnosis and treatment of shoulder instability, but
there is a need for well-validated outcome measurements
focussing on shoulder instability .

One of the most essential factors determining treatment
outcome is how the patient perceives his own health status
[5]. As a result, many self-reported questionnaires that
measure health-related quality of life (HR-QOL) have been
developed over the past decades. It is well-known from the
literature that disease-specific instruments assessing HR-
QOL are more accurate in measuring changes related to
specific disorders than general instruments [6, 7]. For
accurate patient assessment it is recommended to combine
a general health outcome measurement, a regional outcome
measurement and a disease-specific outcome measurement
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[8]. For shoulder instability this means that it is essential to
use at least a disease-specific evaluation tool that assesses,
e.g., apprehension and confidence in the shoulder in addi-
tion to pain, strength, activities above shoulder level and
range of motion, which are important items in most general
shoulder scores [9].

As a consequence of the increasing use of HR-QOL
questionnaires in a clinical setting and in research, growing
interest in the measurement properties of these question-
naires has been observed.

The Western Ontario Shoulder Instability Index (WOSI)
was introduced by Kirkley and colleagues in 1998 [2]. This
questionnaire is a self-reported disease-specific outcome
measurement to assess HR-QOL in patients with shoulder
instability. In recent studies comparing validated self-
reported shoulder instability scores, the WOSI was repor-
ted to have the best measurement properties [8, 9].

The WOSI is an increasingly applied outcome mea-
surement in clinical shoulder instability studies. Over the
past years, the WOSI has been translated and well vali-
dated for use in Sweden, Germany, Italy and Japan [10-
14]. We found one follow-up study using a WOSI in the
Dutch population; however, the translation process and
measurement properties of the applied WOSI were not
described [15]. There is a need for a Dutch translation of
the WOSI, translated according to international guidelines
and for which measurement properties are well investi-
gated. In the present study we cross culturally adapt the
WOSI for use in the Netherlands and determine its reli-
ability in terms of internal consistency, test-retest reli-
ability and measurement error, according to the COSMIN
taxonomy (COnsensus-based Standards for the selection of
health Measurements INstruments) [16].

Materials and methods
Western Ontario Shoulder Instability Index

The WOSI assesses HR-QOL in patients with shoulder
instability [2]. It is a self-reported questionnaire consisting
of 21 items in 4 domains: physical symptoms (10 items);
sports, recreation and work (4 items); lifestyle (4 items) and
emotions (3 items). Each item is scored on a 100 mm visual
analogue scale (VAS). Total score ranges from 0 to 2100,
with higher scores indicating a reduced HR-QOL. The
WOSI score contains extensive written instruction for users,
which includes a clarification of every single question.

Translation

Following approval of S. Griffin, one of the designers of
the WOSI, translation of the questionnaire was performed

according to guidelines in the literature [17]. The ques-
tionnaire was not translated literally, but a stepwise pro-
cedure was followed to achieve a conceptual translation.
Steps include forward translation, reconciliation meeting,
backward translation, comparison with source question-
naire, review by clinicians, debriefing and report. Forward
translation from English to Dutch was done by 3 inde-
pendent individuals; 1 physical therapist (KMH), 1
orthopaedic surgeon and 1 epidemiologist (MPS). It was
back translated to English by a native speaker who is
working as an occupational therapist in one of the par-
ticipating hospitals. The back translated version was then
reviewed by the three forward translators mentioned
before, and compared with the original source. In a final
consensus meeting the final Dutch version of the WOSI
was agreed upon.

Patients

Patients were recruited from two university medical centers
in The Netherlands: the VU University Medical Center
(VUmc) in Amsterdam and the Leiden University Medical
Center (LUMC). Both centers have specialized shoulder
groups, in which orthopaedic surgeons and physical ther-
apists work closely together in treating shoulder patients
and performing shoulder-related research.

Eligible patients, diagnosed with shoulder instability,
were identified from databases of patients who visited the
orthopaedic outpatient clinic of VUmc or LUMC from
2009 to 2011. Inclusion criteria were: (1) older than
18 years, (2) current shoulder instability; traumatic, non
traumatic, or post surgery and (3) shoulder pathology (e.g.,
dislocation, Bankart lesion) confirmed by radiological
evaluation recently or in the past. Both operatively and
non-operatively treated patients were included. In the case
of surgery, the operation took place at least 6 months prior
to inclusion, assuring rehabilitation was completed and a
stable situation was achieved, which is essential for
underlying reliability study. Patients with fractures, neu-
rological disorders leading to shoulder symptoms, tumours,
infections, cognitive impairments and patients with signs of
cervical syndrome were excluded. All patients gave
informed consent. The local medical ethics committees of
VUmc and LUMC approved the present study. The mini-
mal required number of patients to be included was 50,
since it has been determined that this is an appropriate
sample size to assess reliability parameters in health status
questionnaires [18].

After screening the databases of the orthopaedic out-
patient clinics of both VUmc and LUMC, 158 patients
were considered eligible and were sent an information
letter. After the 2 weeks reflection period a total of 34
patients could not be reached, 38 patients ultimately did not
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Table 1 Participants characteristics (N = 52) and mean values of the
total WOSI scores and the scores on the 4 domains

Variables Mean £ SD or frequency
(%)
Age 31.0 £ 10.1 (range 20-68)
Gender
Female 19 (36.5 %)
Male 33 (63.5 %)
Type of shoulder instability
Recurrent instability (traumatic) 22 (42.3 %)
Recurrent instability (non-traumatic) 10 (19.2 %)
Recurrent instability (post surgery) 20 (38.5 %)
Affected side
Left 24 (46.2 %)
Right 27 (51.9 %)
Both 1 (1.9 %)

Time interval (days) between 25 £ 17.3 (10-100)

measurements

WOSI score (min—max)
WOSI total score
Physical symptoms

731.3 £ 435.4 (59-1841)
314.8 £ 199.4 (41-743)
157.7 £ 100.8 (3-399)
133.6 £ 94.7 (6-391)
127.4 £ 81.9 (4-300)

Sports, recreation and work
Lifestyle

Emotions

Mean WOSI scores are calculated over the outcomes of 2
measurements

met the inclusion criteria and were excluded for the fol-
lowing reasons: 22 no longer had complaints of instability,
7 had co-morbidity such as actual contusion or fractures, 3
had a limited ability to speak Dutch, 5 declined to partic-
ipate and 1 was deceased. The remaining 86 patients
received the WOSI questionnaire according to the study
protocol. A total of 52 patients (33 men and 19 women
with mean age of 30.9 years) completed the WOSI ques-
tionnaire twice and their data were included in the analyses
(response rate 60.5 %).

In Table 1 characteristics of the study population,
including type of shoulder instability are summarized. In
addition the total WOSI score and the scores on the 4
domains are presented in Table 1.

Procedure

All eligible patients identified from the databases of the
orthopaedic outpatient clinics of VUmc and LUMC
received an information letter, and after a reflection per-
iod of 2 weeks, they were contacted by phone by one of
the coordinating investigators (SHW, PBW). At that
point, patients received further information, and inclusion
and exclusion criteria were verified. Subjects, willing and
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eligible to participate, received the informed consent (IC)
form and the first WOSI questionnaire by regular mail.
The questionnaire and IC form were filled out at home
and returned to the examiners, using pre-paid return
envelopes. Patients were instructed to fill out the ques-
tionnaire without any help. Patients who did not respond
within 2 weeks were contacted by phone by one of the
coordinating investigators. Two weeks after initial
response participants received the second WOSI with
similar instructions as for the first WOSI. The time span
of 2 weeks was chosen as it is unlikely that symptoms
change during this interval, whereas it is long enough for
the participant to forget initial responses. The exact
number of days between completion of the first and
second questionnaire was recorded.

Statistical analysis

IBM SPSS Statistics 20 (IBM, Armonk, New York) was
used for data analysis. Descriptive statistics were applied to
determine mean age, gender ratio, type of shoulder insta-
bility and days between measurements.

Measurement properties

We applied the COSMIN taxonomy to assess measurement
properties of the WOSI in a systematic and comprehensive
way. Mokkink et al. [16] developed the COSMIN taxon-
omy to clarify and standardize terminology and definitions
of measurement properties to evaluate HR-QOL question-
naires. Consensus was reached by an international expert
panel [19]. The COSMIN definitions which are relevant for
underlying study are presented in Table 2.

Reliability

Reliability refers to the extent to which scores for patients
who have not changed are the same for repeated mea-
surements under several conditions (COSMIN definition).
This domain contains the measurement properties: internal
consistency, test-retest reliability and measurement error,
which were all assessed for the WOSI in this study.

Internal consistency refers to whether several items that
propose to measure the same general construct produce
similar and correlating scores. The COSMIN expert panel
defines it as “the interrelatedness among items”, which is
originally a definition from Cortina [20]. In the present
study internal consistency was measured with Cronbach’s
alpha, a reliability coefficient ranging from O to 1, with a
Cronbach’s alpha of 0.7 and higher values indicating suf-
ficient internal consistency [21]. Extremely high values of
Cronbach’s alpha (>0.95), however, may indicate the
presence of redundant items.
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Table 2 COSMIN domains, measurement properties and statistical
parameters. Mokkink et al. [16, 19]

Domain Measurement property Statistical parameters

Reliability Internal consistency Cronbach’s alpha

(CA)

Intraclass Correlation
Coefficient (ICC)

Reliability (test-retest;
inter-rater and intra-

rater)
Measurement error Standard error of
measurement
(SEM)

Smallest detectable
change (SDC)

Limits of agreement
(LoA)

Minimal important
change (MIC)

Floor and ceiling
effects

Interpretability®

The COSMIN domains validity and responsiveness are not shown in
this table, because they are beyond the scope of this study

 Interpretability is not considered a measurement property, but an
important characteristic of a measurement instrument

Test-retest reliability concerns the degree to which
repeated measurements (over time) provide similar results,
also reported in literature as reproducibility, but the
COSMIN steering committee prefers the term test-retest
reliability. For total score and domain scores the test—retest
reliability was calculated by the Intraclass Correlation
Coefficient (ICC), using a two-way random effects model
with an absolute agreement definition, assuming there are
no systematic differences between measurements [22]. For
the present study, we defined an ICC beyond 0.70 as good
reliability, an ICC between 0.40 and 0.70 as moderate
reliability and an ICC below 0.40 as poor reliability.

Measurement error was assessed using the standard error
of measurement (SEM) and the smallest detectable change
(SDC). SEM was calculated by SD x \/(1 — R), with
R = ICC and SD = \/ (total variance) [23]. The SEM was
subsequently used to calculate the SDC by 1.96 x
\/ 2 x SEM. Changes larger than the SDC are considered
to be real changes, i.e., changes beyond measurement error
to indicate 95 % confidence for real change between the
two assessments scores [24, 25].

To enable comparison with similar questionnaires the
Reliable Change Index (RCI) was calculated, representing
the SDC as a percentage of the maximum obtainable score.

Agreement also concerns the measurement error, and
assesses how close the scores on the WOSI are for the 2
measurements. For this purpose, the Bland and Altman
method was used by plotting the mean difference (mean D)

between the two consecutive measurements against the
standard deviation (SD) of this difference [26]. The ‘limits
of agreement’ were calculated as the mean difference
+1.96 times the SD of the differences. The Bland and
Altman plot provides a visual interpretation of possible
systematic variation in differences over the range of mea-
surement, and outliers that are not revealed by regular
correlation analyses.

Interpretability

Interpretability refers to the degree to which qualitative
meaning can be assigned to an instrument’s quantitative
scores [19]. One aspect of interpretability is assessing floor
and ceiling effects. We calculated floor and ceiling effects
for the total WOSI score and for the domain scores of the
first series of WOSI’s. Maximal scores were defined as the
top 90-100 % score ranges and minimal scores as 0-10 %.
A percentage of >15 % of the participants scoring minimal
or maximum scores was considered to be a relevant floor or
ceiling effect.

Results
Measurement properties
Reliability

In Table 3 reliability parameters of the Dutch WOSI are
presented in terms of internal consistency (Cronbach’s
alpha), test retest reliability (ICC) and measurement error
(SEM, SDC and RCI).

Cronbach’s alpha was 0.95 for the total WOSI score and
ranged from 0.88 to 0.95 for the 4 domains, implying high
internal consistency. ICC for the total WOSI score was
0.91 implicating good test-retest reliability. The domains
ICC’s ranged from 0.79 to 0.90, with the highest ICC for
the physical symptoms domain and the lowest ICC for the
domain of sports, recreation and work.

The standard error of measurement (SEM) of the total
WOSI score was 130.6. As a result, the smallest detectable
change (SDC) was 362.0 for the total WOSI score which is
17.3 % of the maximum obtainable score of 2100. SDC for
the domains ranged from 93.7 to 128.0 for the 4 domains,
which is 9.6-32.0 % from the maximum obtainable
domain scores.

Figure 1 shows the Bland—Altman plots for total WOSI
score and for the domain of physical symptoms. No sys-
tematic differences or any indications for consistent bias
were observed between the first and second measurement.
The same applies for the other three domains.
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Table 3 Reliability parameters (CA and ICC) and measurement error
(SDC and RCI)

Internal Test-retest SEM SDC RCI
consistency reliability (%)
(CA) (ICC with
95 % CI)
WOSI total 0.95 0.91 130.6 362.0 17.3
score (0.84-0.95)
Physical 0.95 0.90 345 956 9.6
symptoms (0.83-0.94)
Sports, 0.88 0.79 46.2 128.0 320
recreation, (0.66-0.87)
work
Lifestyle 0.89 0.81 414 1148 28.7
(0.69-0.89)
Emotions 0.91 0.83 33.8 937 312
(0.73-0.90)

CA Cronbach’s alpha, ICC intraclass correlation coefficient, SEM
standard error of measurement, SDC smallest detectable change, RC/
reliable change index

Interpretability

We assessed floor and ceiling effects as an aspect of inter-
pretability according to the COSMIN taxonomy. For the total
WOSI score <15 % of the patients obtained the maximum or
minimum score range of 0-10 % (floor) and 90-100 %
(ceiling), implying there were no floor and ceiling effects for
the total score. A similar result was found for the 4 domain
scores, with the exception of the lifestyle domain, for which 8
patients (15.3 %) obtained scores in the minimal score ran-
ges, implying a mild floor effect (Table 4).

Discussion

The current study evaluates the measurement properties of
the Dutch version of the WOSI, which we translated
according to international guidelines [17]. To our knowl-
edge the present study is the first reporting the translation
and measurement properties of the Dutch WOSI. Similar to
previous studies on the original WOSI and translated ver-
sions, we found good to excellent measurement properties.

Internal consistency, represented by Cronbach’s alpha
was excellent with 0.95 for the total WOSI score, and
values between 0.88 and 0.95 for the domains. Although
not reported for the original WOSI, the Swedish translation
showed a similar Cronbach’s alpha of 0.95 in a smaller
group of 22 patients [16]. In addition, the two German
versions (Hofstaetter and Drerup) and the Italian and Jap-
anese WOSI's reported slightly lower values of Cronbach’s
alpha than we found (values ranging from 0.84 to 0.93) but
still indicated good to excellent internal consistency [10—
12, 14].

@ Springer

A Cronbach’s alpha exceeding 0.95 might imply the
presence of redundant items, but not one WOSI study
reported such high values.

We found an ICC of 0.91 for the total WOSI score,
implicating good test-retest reliability. For the domains,
ICCs ranged from 0.79 to 0.90, which is also good
(exceeding 0.70). These results are similar to those of the
original WOSI and translated versions, with ICCs varying
from 0.87 to 0.98 [2, 10-14]. However, there is a large
variation in the number of subjects included for analysis
between the studies. Only 4 studies, including the original
study of Kirkley et al.. and the present study [2, 11, 12],
used 50 or more patients, which is an appropriate sample
size to assess reliability parameters in health status ques-
tionnaires [18].

Measurement error of the WOSI was 130.6 on a scale
from 0 to 2100, expressed in SEM. This resulted in an SDC
of 362 and an RCI of 17.3 %, meaning that a score dif-
ference >362 points on the WOSI indicates true improve-
ment or impairment. Measurement error of the WOSI was
recently described for the first time by Cacchio et al. [11],
who cross culturally adapted the WOSI for use in Italy.
They found a SEM of 71 and SDC of 196, reported as
minimal detectable change (MDC) in that study. Since only
one study has calculated the measurement error of the
WOSI before, it is premature to draw conclusions on this
part. The SDC we found appears high compared to the
Italian version. However, for the Western Ontario Rotator
Cuff Index (WORC), which is a questionnaire with com-
parable characteristics as the WOSI, similar values for
SDC and RCI are reported for the Dutch and Norwegian
translations [27-29].

In our study we examined a heterogeneous patient
group, with mild to severe shoulder instability. The whole
range of potential WOSI scores was covered (0-2100). ICC
is highly dependent on the variation of the study popula-
tion, where a heterogeneous group leads to higher ICCs
than a homogeneous group. ICC can only be generalized to
populations with similar variation [30]. In the clinical
setting, patients with shoulder instability vary a lot in, e.g.,
frequency of dislocations, pain and functional problems.
Therefore, investigating a study population with similar
variation, as done in the current study, is crucial for
translation of the results to the clinical setting. We found
high ICC for total WOSI score (0.91) with a narrow CI
(95 % CI 0.84-0.95), indicating that the Dutch WOSI is
useful for group evaluation and for measuring individual
change. This is confirmed by a Cronbach’s alpha,
exceeding 0.90, which is the recommended threshold for
using HR-QOL'’s in the clinical setting.

The increasing interest in measurement properties of
HR-QOL questionnaires has led to many publications on
this topic. Despite the recent publication of the COSMIN
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taxonomy to clarify and standardize definitions of mea-
surement properties, still numerous terms and definitions
are used interchangeably for the same constructs in litera-
ture [19]. We encourage researchers in the field of HR-
QOL questionnaires to apply the COSMIN taxonomy in
future research.

Limitations and future studies
We assessed reliability of the Dutch version of the WOSI

according to the COSMIN taxonomy. We did not test the
validity (comparison with other clinical scores) and

mean of two assessments

responsiveness (compare clinical scores before and after an
intervention) of the WOSI. However, this has been thor-
oughly investigated for the original and other translated
WOSI questionnaires. These studies describe the WOSI as a
valid questionnaire, which is highly responsive to change
over time. Our results on the measurement properties of the
reliability domain (internal consistency, test-retest reli-
ability, and measurement error) are comparable with earlier
studies, so it is likely that the Dutch WOSI will have similar
outcomes on validity and responsiveness parameters.
However additional research is required to further validate
the Dutch WOSI with regard to these specific parameters.
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Table 4 Floor and ceiling effects of the first measurement series

Score Floor effect: Ceiling effect:
ranges N (%) N (%)
WOSI total score 0-2100 N: 4 (7.7 %) N: 0
Physical symptoms ~ 0-1000 N: 7 (13.4 %) N: 0
Sports, recreation, 0-400 N:7 (134 %) N: 2 (3.8 %)
work
Lifestyle 0-400 Y: 8 (154 %) N: 2 (3.8 %)
Emotions 0-300 N: 6 (11.5 %) N:5 (9.6 %)

N (%) number and percentage of patients obtaining minimum
(0-10 %) or maximum (90-100 %) score range

N no, Y yes

A factor analysis is commonly done before the Cron-
bach’s alpha is calculated. However the sample size of 52
patients was too small to perform a significant factor
analysis.

The mean interval between the measurements was
25 days, which is longer than the 2 weeks described in the
protocol. The median interval was 20 days. Because we
included patients who achieved a stable situation after
trauma or surgery, a slightly longer interval is preferable
over a shorter interval, because a shorter interval bears the
risk of not forgetting the initial response. We found high
ICCs despite the longer time interval, indicating that our
study population actually remains stable during the mea-
surement period.

Conclusion

The results of the present study suggest the Dutch version
of the WOSI is a reliable tool for clinical assessment and
scientific evaluation. It shows high values for Cronbach’s
alpha and ICC implying excellent internal consistency and
good test-retest reliability.
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